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Abstract 
The effect of surface modification on the oxygen separation properties of permeation membranes is investigated in this work. For 
this purpose, dense perovskite type membranes of the composition Ba0.5Sr0.5Co0.8Fe0.2O3-δ have been successfully prepared by 
polymerized complex method. Oxygen permeation experiments were conducted according to membrane thickness (1.0 mm and 
1.6 mm) and surface modification. The surface modification of the Ba0.5Sr0.5Co0.8Fe0.2O3-δ dense membranes for measurement of 
oxygen permeability was done mainly by screen printing technique Ba0.5Sr0.5Co0.8Fe0.2O3-δ powders. The oxygen flux of 
Ba0.5Sr0.5Co0.8Fe0.2O3-δ membrane increased with increasing temperature and with decreasing membrane thickness. The oxygen 
permeation flux through 1.0 mm membrane thickness with modified surface exposed to flowing air (Ph =0.21 atm) and helium 
(Pl =10-5 atm) was ca. 1.4 ml/cm2·min at 950 ଇ. 
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1. Introduction 
Oxygen and nitrogen are used in many industrial processes. Pure oxygen is used in the production of metals, 
glass and ammonia, and in the integrated gasification combined cycle (IGCC) for power generation. Recently, oxy-
fuel combustion CO2 capture process as one of carbon capture technologies has been developed and this process 
also needs large scale oxygen separation unit. It is well-known that the total market would grow significantly if pure 
oxygen could be produced at lower cost. The technology used for commercial separation of air varies according to 
the scale and requirements for oxygen purity. For example, the cryogenic distillation method that was started in 
1902 is used for large-scale production of pure oxygen, and the simultaneous production of nitrogen, argon and 
helium. However, high investment costs make it difficult to integrate this procedure with other industrial process. 
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Over the last decade, membrane technology for gas separation has developed rapidly in recent years. The interest in 
dense ceramic membranes for the transport of oxygen has grown considerably [1-5]. As a result, the knowledge of 
the intrinsic properties of the membrane materials is now overwhelming, and new reports are being published 
frequently. The use of a dense mixed-conducting, perovskite-type ceramic membrane is a new technology for the 
production of pure oxygen. An obvious advantage of perovskite membranes is their 100% selectivity for the 
permeation of oxygen. Pure oxygen can be obtained by perovskite membrane technology. Therefore, in the last 
years, great efforts have been devoted to the improvement of oxygen permeation flux [6-15]. As part of the effort to 
devise cost-effective, efficient processes for production and utilization oxygen, KIER is developing doping 
perovskite-type mixed ionic/electronic conducting ceramic membranes for separating oxygen from air with 
commercially significant flux under industrially relevant operation temperature [16-19]. 
In this work, Ba0.5Sr0.5Co0.8Fe0.2O3-δ (BSCF-5582) powder for ionic transport membrane has been synthesized and 
the oxygen separation experiment has been conducted to investigate the effect of surface modification on the oxygen 
permeation flux behaviour and the stability of BSCF-5582 membrane. 
 
2. Experimental 
2.1. Sample preparation 
All powder has been synthesized using polymerized complex method which can synthesizes a homogeneous and 
pure powder relatively at low sintering temperature. Reagent grade Ba(NO3)2 (98.5%, Junsei, Japan), Sr(NO3)2 (99%, 
Aldrich, USA), Co(NO3)2·6H2O (98 %, Aldrich, USA), Fe(NO3)3·9H2O (99%, Aldrich, USA), ethylene glycol 
(99.5% DC chemical, Korea) and citric acid (99.5%, SAMCHUN, Korea) were used as starting materials. Citric acid 
added into ethylene glycol solution and dissolved on the hot plate at 80 
o
C. After obtaining transparent solution, Ba, 
Sr, Co and Fe nitrates according to the nominal composition of Ba0.5Sr0.5Co0.8Fe0.2O3-δ added into that solution and 
dissolved at same temperature. This mixture was heated on a hot plate at 130 
o
C for esterification reaction and then 
maintained at 200 
o
C with stirring for 12 hr. After the condensation, the polymer burned out during thermal 
decomposition at 450 
o
C in mantle heater. The obtained precursor was heated over 900 
o
C for 2 hr to remove 
residual carbon and impurity in air. The as-synthesized powders were compressed into disks of 20 mm in diameter 
and 1.0–2.0 mm of thickness in a stainless steel mold under a hydraulic load by unilateral press (model 25601 series, 
Specac Limited, U.K.). The green disk was sintered at 1100 
o
C for 2 hr. The sintered disk was polished to smooth 
the surface and to control the thickness of disk with 600 grit SiC. 
BSCF-5582 films were screen-printed on BSCF-5582 dense membrane disks using powders prepared from the 
citrate precursor method followed by high-temperature annealing. A slurry was made by mixing the BSCF-5582 
powder with ethanol by hand mixing the powders in the desired proportions using a mortar. The coating completed 
surfaces via screen-printing method before membrane permeation tests are schematically displayed in Figure 1 (a). 
The crystal structures were characterized by x-ray diffraction (CuKα=1.5405) in the Bragg angle range from 20 to 
80
o
. X-ray powder diffraction measurements (Rigaku Co Model D/Max 2200-Ultimaplus, Japan) were performed 
with a scan step of 0.05
o
 at room temperature. Thermogravimetric (TG) and differential thermal analysis (DTA) of 
the BSCF-5582 powders was carried out by Thermal Analyzer-SDT600 (TA instrument, USA). The morphology of 
membranes was analyzed using a transmission electron microscope and energy dispersive x-ray spectroscopy (SEM-
EDS, Model 1530, LEO Co. Germany). 
2.2. Experimental apparatus and procedure 
The membrane permeation cell used in this work is shown in Figure 1 (b). Au ring (Au, 99.9%) was used as the 
sealant to seal the disk onto the dense alumina tube. Prior to oxygen permeation the leakage test for the outer parts 
of apparatus such as line, fitting and valve was conducted with supplying N2 gas at feed side. The leakage through 
membrane during oxygen permeation test was also measured for all runs at each temperature and the oxygen 
permeation fluxes were corrected on the basis of the measured leakage using equation (1).  
 
JO2 [mL/min cm
2
 (STP)]={F
total
 [mL/min] yO2 [v%]-leakage correction}/A [cm
2
]   (1) 
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Where F
total
 is corresponding with the total flow rate of the permeation stream in which the oxygen concentration 
is yO2. A is the effective membrane surface area, and leakage correction means the calculating oxygen flux from 
leakage.  
Permeation study was performed within the temperature range of 700–850 oC at the steady state condition. The 
temperature of the permeation cell test was increased step-by-step from 700 to 850 
o
C to the desired temperature, 
using an increment of 50 
o
C, at a rate of 1 
o
C/min and held for 100 minutes. The feed side of the membrane was 
flushed with pure air (99.999%). The feeding and sweeping flow rates were kept at 20 mL/min. Helium (99.999%) 
was used as a reference gas, and a molecular sieve column was employed for gas separation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Results and Discussion 
3.1. Sample characteristics 
TG and DTA results of BSCF-5582 precursor obtained after thermal decomposition at 450 
o
C in mantle heater 
showed sharp endothermic peak at 1225 
o
C. The results are not reported here for the sake of space, but the 
endothermic peak at high temperature is probably ascribed to the melting of BSCF-5582 perovskite oxide. In 
conclusion, tt was impossible to make any disk type membrane after sintering over 1225 
o
C. Therefore, the dense 
membrane of BSCF-5582 was prepared through sintering at 1100 
o
C after the green disk compressed by unilateral 
press was pre-sintered at 800 
o
C to remove the residual metal-chelating complex, as reported in our previous work 
[20].  
 
3.2. Oxygen permeation of BSCF-5582 membrane according to surface modification 
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Figure 2 shows oxygen permeation flux of no-modified BSCF-5582 with different dense membrane thickness 
with an air (Ph=0.21 atm) in feed side and helium (P1=10
-5
 atm) in permeation side of membrane, respectively, as 
reported in Figure 1 (b). In this case, as membrane thickness decreased from 1.6 mm to 1.0 mm, the permeation flux 
increased about 80 % (from 0.74 to 1.23 ml/cm
2min at 850 Ȕ). The deference of permeation fluxes at each 
temperature was almost constant in all temperature regions. Usually it indicates that the oxygen permeation flux of 
BSCF-5582 membrane is controlled by bulk diffusion with Wagner equation (2) because the surface reaction on the 
surface of membrane (oxygen exchange reaction) is enhanced by surface modification. 
 
G G G OYPG
where R, T, F and L are the gas constant, Kelvin temperature, Faraday's constant and the membrane thickness, 
respectively; i and e are the ionic and electronic conductivities, respectively; and P1 and P2 are the high and low 
oxygen partial pressures on the two sides of the membrane, respectively.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 also shows oxygen permeation flux of BSCF-5582 dense membrane according to surface modification 
by screen-printing technique. It can be concluded that that JO2 for the modified membrane by screen-printing 
technique is higher than that for the unmodified membrane, which indicates that membrane surface modification by 
the easy and economical screen-printing technique can improve the membrane filtration performances. 
Oxygen permeation flux was increased as temperature increased irrespective of membrane modification. In the 
case of modified membrane, it reached 1.23 ml/cm
2
·min at 850 ଇ exposed to flowing air (Ph =0.21 atm, feed side 
of membrane) and helium (Pl =10
-5
 atm permeated side of membrane). In this case, we can be concluded that the 
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Figure 2. Oxygen permeation flux of BSCF-5582 membrane according to membrane thickness 
(1.0 and 1.6 mm) and/or surface modification (no-modified and modified membrane) 
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permeation fluxes of modified membrane were higher than those of no-modified BSCF-5582 dense membrane. In 
addition, the increasing rate is higher in high temperature region. This experimental result is also interesting because 
it indicates that surface reaction probably is dominant in the higher temperature region.  
 
3.3. Membrane stability 
XRD, SEM and EDX analysis were conducted to evaluate the stability of membrane after permeation test. Figure 
3 shows the results of XRD for (a) modified and (b) no-modified membranes respectively. As shown in Figure 3, no 
additional peak in XRD was detected after these oxygen flux tests. Moreover, from Figure 3 we conclude that the 
BSCF-5582 membranes were stable after at least 100 hr permeation test.  
Figure 4 shows the SEM images of no-modified and modified permeate-side membrane after oxygen permeation 
test as reported in the above section. From results of the comparison of SEM images of the Figure 4 (a) and (b), it is 
clear that significant difference exists in the morphologies of surface membranes between no-modified and screen-
printed membrane. 
 
2
20 30 40 50 60 70 80
In
te
n
s
it
y
feed-side
permeate-side
BSCF-5582
2
20 30 40 50 60 70 80
In
te
n
s
it
y
feed-side
permeate-side
BSCF-5582(NM)
 
              (a) Modified membrane                                    (b) Non-modified membrane 
Figure  3. XRD patterns for modified and non-modified membranes after permeation test respectively 
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Figure 4. SEM images of membrane surfaces after permeation test; (b) modified permeate-side and (d) non-modified permeate-side. 
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4. Conclusion 
Perovskite type ceramic oxides Ba0.5Sr0.5Co0.8Fe0.2O3-δ, (BSCF-5582) was synthesized by polymerized complex 
method. The characterization results showed that the oxides prepared possessed perovskite structure without 
secondary phase in narrow sintering temperature region between 1000 and 1100 ଇ.  
The oxygen flux of Ba0.5Sr0.5Co0.8Fe0.2O3-δ membrane increased with increasing temperature and decreasing 
thickness. Moreover, the oxygen permeation flux through 1.0 mm membrane with modified surface exposed to 
flowing air (Ph =0.21 atm) and helium (Pl =10
-5
 atm) was ca. 1.23 ml/cm
2
·min at 850 ଇ. In comparison of 
permeations between no-modified and modified membrane by screen –printing technique, it is deduce that the 
surface reaction is the rate-determining step for oxygen permeation processes of BSCF-5582 membrane. The 
structural properties of the membrane are stable under the present experimental conditions.  
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